
































































7KH /XQDU $GYDQFHG 9RODWLOHV $QDO\VLV /$9$ DQG WKH 2[\JHQ 	 9RODWLOHV ([WUDFWLRQ
1RGH 29(1DUH VXEV\VWHPV LQFOXGHG LQ WKH5HJROLWK	(QYLURQPHQW6FLHQFH DQG2[\JHQ	
/XQDU 9RODWLOHV ([WUDFWLRQ 5(62/9( SD\ORDG ERXQG IRU WKH0RRQ LQ  7KLV 5HVRXUFH
3URVSHFWRU0LVVLRQ530KDVWKHREMHFWLYHRIODQGLQJRQDVKDGRZHGUHJLRQRIWKH0RRQ¶V6RXWK
3ROH WR FROOHFW GDWD DQG GHWHUPLQH ZKHWKHU WKH UHVRXUFHV FRXOG EH HIIHFWLYHO\ XVHG IRU VSDFH
H[SORUDWLRQV\VWHPV7KHTXDQWLILFDWLRQRIWKHUHVRXUFHVZLOOKHOSXQGHUVWDQGLILWFDQDGHTXDWHO\
PLQLPL]H PDWHULDOV FDUULHG IURP (DUWK E\ SURYLGLQJ OLIH VXSSRUW SURSHOODQWV FRQVWUXFWLRQ
PDWHULDOVDQGVXSSO\HQHUJ\WRWKHSD\ORDGRUFUHZ7KLVSDSHURXWOLQHVWKHSURFHGXUHVGRQHIRU
WKHSUHVVXUHDQDO\VLV RI WKH/$9$29(1 /29(1 ,QWHJUDWLRQ7HVWLQJ7KHSUHVVXUHDQDO\VLV
TXDQWLILHV KRZPXFK JDVHV DQGZDWHU DUH SUHVHQW LQ WKH VDPSOH WHVWHG GXULQJ WKH(QJLQHHULQJ
7HVWLQJ8QLW(78SKDVHRILQVWUXPHQWGHYHORSPHQW8OWLPDWHO\WKHSXUSRVHRIWKHVHWHVWVLVWR
LPSURYHWKHHVWLPDWHRIWKHDPRXQWRIZDWHULQHDFK/XQDUVDPSOHDQGUHGXFHWKHWLPHQHFHVVDU\
IRU WKLV HVWLPDWH7KH JRYHUQLQJSULQFLSOH WKDWZDVXVHG IRU WKH DQDO\VLV LV WKH ,GHDO*DV/DZ
39 Q57ZKHUH 3 VWDQGV IRU SUHVVXUH9 IRU YROXPH Q IRU QXPEHU RIPROHV5 EHLQJ WKH JDV
FRQVWDQW DQG 7 IRU WHPSHUDWXUH :H DOVR HVWLPDWH WKH HUURUV LQYROYHG LQ WKHVHPHDVXUHG DQG




&     'HJUHH&HOVLXV
DWP     DWPRVSKHUHVSUHVVXUH6,XQLW
FP     FXELFFHQWLPHWHUYROXPH6,XQLW
(78     (QJLQHHULQJ7HVW8QLW
)66     )OXLG6XEV\VWHP
)393    06,'/DEHOIRU3UHVVXUH7UDQVGXFHU) )OXLG6\VWHP,QVWUXPHQW3 3UHVVXUH6HQVRU(QG
,WHP&ODVV9 7HOHPHWU\,QVWUXPHQWDWLRQRU&RPPDQG3RLQW (QG,WHP6HULDO1XPEHU
3 3UHVVXUH(QJLQHHULQJ8QLWW\SH
)797   06,' /DEHO IRU 5HVLVWLYH 7HPSHUDWXUH 'HWHFWRU  ) )OXLG 6\VWHP ,QVWUXPHQW
7 7HPSHUDWXUH6HQVRU(QG ,WHP&ODVV9 7HOHPHWU\ ,QVWUXPHQWDWLRQRU&RPPDQG3RLQW
 (QG,WHP6HULDO1XPEHU7 7HPSHUDWXUH(QJLQHHULQJ8QLWW\SH
J     JUDPVPDVVXQLW
*&     *DV&KURPDWRJUDSK
*&06     *DV&KURPDWRJUDSK0DVV6SHFWURPHWHU
+75±    +HDWHU±QXPHULFDOORFDWLRQVLJQLILHU
,62/$7±   ,VRODWLRQ9DOYH±QXPHULFDOORFDWLRQVLJQLILHU
,658     ,Q6LWX5HVRXUFH8WLOL]DWLRQ
.     .HOYLQVWHPSHUDWXUH6,XQLW
/$9$     /XQDU$GYDQFHG9RODWLOHV$QDO\VLV
PRO     PROHVQXPEHURIPROHVXQLW
06     0DVV6SHFWURPHWHU
Q     QXPEHURIPROHV
1$6$     1DWLRQDO$HURQDXWLFVDQG6SDFH$GPLQLVWUDWLRQ
1,5966    1HDU,QIUDUHG9RODWLOH6SHFWURPHWHU6XEV\WHP
1,567    1HDU,QIUDUHG6SHFWURPHWHUIRUWKH6XUJH7DQN







166     1HXWURQ6SHFWURPHWHU6XEV\VWHP
2%5     2Q%RDUG5HFRUGLQJ
29(1     2[\JHQ	9RODWLOHV([WUDFWLRQ1RGH
3     3UHVVXUH
36±     3RZHU6XSSO\±QXPHULFDOORFDWLRQVLJQLILHU
37±     3UHVVXUH7UDQVGXFHU±QXPHULFDOORFDWLRQVLJQLILHU
5     *DV&RQVWDQW
5(62/9(    5HJROLWK	(QYLURQPHQW6FLHQFHDQG2[\JHQ	/XQDU9RODWLOHV([WUDFWLRQ
530     5HVRXUFH3URVSHFWRU0LVVLRQ
57'RU57'V   5HVLVWLYH7HPSHUDWXUH'HWHFWRURU'HWHFWRUV
6$76     6DPSOH$FTXLVLWLRQDQG7UDQVIHU6\VWHP
67     6XUJH7DQN
7     7HPSHUDWXUH
7(&     7KHUPDO(OHFWULF&RROHU
76(     7HVW6XSSRUW(TXLSPHQW
9     9ROXPH
9/$7±    /DWFKLQJ9DOYH±QXPHULFDOORFDWLRQVLJQLILHU
:''     :DWHU'URSOHW'HPRQVWUDWLRQ
:2$     :RUN2UGHU$XWKRUL]DWLRQ






WKHVH TXHVWLRQV 1$6$ LV GHYHORSLQJ D SD\ORDG WHUPHG 5(62/9( 7KH5(62/9( V\VWHP FRQVLVWV RI D URYHU
PRXQWHG SD\ORDG VKRZQ LQ )LJ  ZKLFK FRPSULVHV YDULRXV SURVSHFWLQJ LQVWUXPHQWV 1HXWURQ 6SHFWURPHWHU
6\VWHP166ORFDWHVDUHDVRIKLJKK\GURJHQFRQFHQWUDWLRQWRHQVXUHWKDWDQDSSURSULDWHVDPSOHRIWKHUHJROLWKLV
EHLQJ FROOHFWHG 1HDU,QIUDUHG9RODWLOH 6SHFWURPHWHU 6XEV\WHP 1,5966 DVVLVWV SURVSHFWLQJ E\ LGHQWLI\LQJ DQ\
VXUIDFHYRODWLOHVDQGSURYLGLQJPLQHUDORJLFDOFRQWH[W6DPSOH$FTXLVLWLRQDQG7UDQVIHU6\VWHP6$76DFTXLUHVD
RQHPHWHUGHHSVDPSOHRI UHJROLWKE\GULOOLQJ2[\JHQ	9RODWLOHV([WUDFWLRQ1RGH 29(1ZKLFKFRQVLVWVRID





WKH 5(62/9( GHVLJQ WHDPZLOO EHJLQ KDUGZDUH IOLJKW FHUWLILFDWLRQ WHVWV $ ODXQFK RI WKH 5(62/9( V\VWHP LV
SODQQHGIRUD0D\-XQHWLPHIUDPHLQRUGHSHQGLQJRQWKHFDSDELOLW\IRUGHOLYHU\RIDOXQDUSD\ORDG
 ,Q WKH /$9$ VXEV\VWHP YRODWLOHV HYROYHG LQ WKH 29(1 WUDYHO WKURXJK WKH )OXLG 6XEV\VWHP )66 WR
VHYHUDO LQVWUXPHQWV 7KH VDPSOHPD\ EH VWRUHG LQ WKH VXUJH WDQNZKHUH LW FDQ EH DQDO\]HG E\ WKH 1HDU,QIUDUHG
6SHFWURPHWHUIRUWKH6XUJH7DQN1,567RUJRGLUHFWO\WRWKH6DPSOH'HOLYHU\6\VWHP6'6WREHDQDO\]HGE\WKH
*DV&KURPDWRJUDSK0DVV6SHFWURPHWHU *&06 ,I WKHUH LVHQRXJKZDWHU WKH VDPSOHPD\EH WUDQVIHUUHG WR WKH
:DWHU'URSOHW'HPRQVWUDWLRQ:''D³FROGILQJHU´ZKHUHWKHYDSRUZRXOGFRQGHQVHDQGIRUPDGURSOHWRIZDWHU
WRJLYHDYLVXDOHYLGHQFHRIWKHVDPSOHFROOHFWHG7KHPRVWLPSRUWDQWJRDORI/$9$LVWRGHWHUPLQHWKHSHUFHQWDJH
RIZDWHUE\ZHLJKW LQ WKH OXQDU VDPSOH6HFRQGDU\REMHFWLYHV LQFOXGH LGHQWLI\LQJRWKHUYRODWLOHFRPSRQHQWV7KLV


















7KH /$9$ VXEV\WHP LV QRZ LQWHJUDWHG ZLWK WKH 29(1 UHDFWRU DQG LV UHIHUUHG WR DV µ/29(1¶ LQ WKH WH[W WKDW
IROORZV7HVWLQJZDVGRQHLQDWKHUPDOYDFXXPFKDPEHUVLPXODWLQJWKHOXQDUHQYLURQPHQW7KHDQDO\VLVRIWKHGDWD
FROOHFWHGIURPWKHWHVWLVWKHPDLQFRQWHQWRIWKLVSDSHU7KHJRDOLVWRGHPRQVWUDWHWKHUHOLDELOLW\RIWKHLQVWUXPHQWV





WUDQVSRUWHG DURXQG WKLV SHUPDQHQWO\ YHU\ VKDGRZHG UHJLRQ RI WKH PRRQ ZKHUH WKH ZDWHU LFH LV H[SHFWHG WR EH
SUHVHQW2QFHDVXUIDFHFRQFHQWUDWLRQRIZDWHULVIRXQGWKHGULOOLQJDQGVDPSOHH[WUDFWLRQZRXOGEHSHUIRUPHG7KH
6$76 ZRXOG GULOO D PHWHU GHHS LQ  FHQWLPHWHUV LQFUHPHQWV XQWLO D VDPSOH UHJROLWK ZLWK DEXQGDQW VRXUFH LV
GHWHFWHG7KHGULOOZLOOGHSRVLWWKLVUHJROLWKVDPSOHLQWKH29(1DQGZLOOKHDWWKHVDPSOHGULYLQJRIIYRODWLOHV2QH
RIWKHNH\PLVVLRQREMHFWLYHVLVWRHVWLPDWHWKHSHUFHQWDJHRIZDWHUE\PDVVLQHDFKVDPSOH7KLVLVDFFRPSOLVKHGE\
ILUVWZHLJKLQJ WKH VDPSOH WKHQE\DQDO\]LQJ WKH WRWDODPRXQWRIZDWHUYRODWL]HG6LQFH WKHUHDUHH[SHFWHG WREHD
ZLGHYDULHW\RIYRODWLOHFRPSRXQGVWZRFDQGLGDWHLQVWUXPHQWVD*DV&KURPDWRJUDSK0DVV6SHFWURPHWHUDQGDQHDU
LQIUDUHG VSHFWURPHWHU DUH XVHG WR PHDVXUH WKH SHUFHQWDJH RI ZDWHU LQ WKH YRODWL]HG VDPSOHV 7KH WRWDO PDVV RI




7KH SXUSRVH RI WKH SUHVVXUH YROXPH WHVWLQJ LV WR GHYHORS DQG YHULI\ WHFKQLTXHV IRU HVWLPDWLQJ WKH TXDQWLW\ RI
YRODWLOHVLQWKH29(1EDVHGRQPHDVXUHPHQWVRIWHPSHUDWXUHVDQGSUHVVXUHVGXULQJWUDQVIHUVIURPWKH29(1WRWKH
6XUJH7DQNDQGWRWHVWDQDGGLWLRQDOFRQFHSWZKHUHWKHIUHHYROXPHRI29(1LVHVWLPDWHGWKHJHRPHWULFYROXPHRI




ZDWHU RU ZHW UHJROLWK VLPXODQW LQ WKH 29(1 7KH /$9$29(1 /29(1 LV WKHQ VHDOHG ZLWKLQ WKH YDFXXP
FKDPEHUDQGSXPSHGGRZQWR7RUUQRPLQDO WRVLPXODWH OXQDURSHUDWLRQV7KH WHVWLQJGHVFULEHGKHUHLQ WDNHV




KHUH90/GRHVDOO WKHFRPPDQGLQJIRU WKHYDOYHVXQOHVV SURPSWHGIRUDSDXVH LQ WKHVHTXHQFH WRDOORZPDQXDO
GDWDUHFRUGLQJ7KHVWHSVPDGHE\WKH90/VRIWZDUHFDQEHPRQLWRUHGRQWKH/$9$,QWHUIDFH6RIWZDUH'LVSOD\














































7KH ILUVW RSHUDWLRQ LV WR UHPRYH WKH DWPRVSKHULF JDVHV WKDW ZHUH WUDSSHG LQ WKH29(1 GXULQJ VDPSOH LQVHUWLRQ
FDOOHG LQHUW JDV WUDQVIHU 2QFH WKLV LV GRQH WKH VDPSOH ZLOO DSSHDU PRUH OLNH D UHDO OXQDU VDPSOH 7KLV LV
DFFRPSOLVKHGE\IORZLQJJDVHVIURPWKH29(1WRWKH677KH90/RSHQV9/$7WRWUDQVIHULQHUWJDVWRWKH
67IRUPLQXWHWKHQZLOOFORVHDQGGHOD\IRUVHFRQGVWRUHFRUGWKHSUHVVXUHVLQ37DQG37DVVKRZQLQ
)LJ 37 /$9$PDQLIROG K\GURJHQ VXSSO\ OLQH SUHVVXUH WUDQVGXFHU >SVLD@ LV WKH SUHVVXUH WUDQVGXFHU
XVHG WRPHDVXUH WKHSUHVVXUH LQ WKH29(11RWH WKDW37 LV ORFDWHGRQ WKH/$9$PDQLIROG VLQFH WKH29(1
EHFRPHVWRRKRWIRUWKH373767OLQH$SUHVVXUHWUDQVGXFHU>SVLD@PHDVXUHVWKHSUHVVXUHLQWKH67













































































































  *DV&RQVWDQW5 ௖௠య൉௔௧௠௄൉௠௢௟ 
 $VVXPSWLRQV
  9ROXPHLQ29(1929 FPFUXFLEOHHPSW\VSDFHYROXPH
7R REWDLQ WKH WHPSHUDWXUH RI 29(1 WKH DYHUDJH WHPSHUDWXUH UDQJH YDOXH IRU WKH )66 57'V 0D[)797
0D[)797FROXPQVDWWKHGDWDVKHHWDWWKHEHJLQQLQJRIWKHWHVWILUVWURZVZHUHXVHGVLQFHQRQHZDVKHDWHG
\HWWKH29(1DQG/$9$)66VKRXOGKDYHWKHVDPHDPELHQWWHPSHUDWXUH











   SVLD
8VLQJ3LQHUWWKHQXPEHURILQHUWJDVPROHVZDVFDOFXODWHGXVLQJWKH,GHDO*DV/DZ
     QLQHUW  ௉౟౤౛౨౪൉௏ో౒ோ൉்ో౒ǡ౟౤౟౪౟౗ౢ





      PRO






  *DV&RQVWDQW5 ௖௠య൉௔௧௠௄൉௠௢௟ 
 $VVXPSWLRQV
  9ROXPHLQ6XUJH7DQN967 FP
 $YHUDJH7HPSHUDWXUHRIWKH0DQLIROG
  7HPSHUDWXUHRI67&767 .
7KHSUHVVXUHXVHGWRGHWHUPLQHWKHQXPEHURIPROHVWUDQVIHUUHGZDVFDOFXODWHGE\WDNLQJWKHSUHVVXUHRI67DIWHUWKH



















WKH YDOYHZDV RSHQHG IRU PLQXWH DQG  VHFRQGV  ±    V IRU WUDQVIHU WLPH WKLVPHWKRG LV QRW
FRQVLVWHQWZLWKDOOH[FHOVKHHWVWKRXJKWKHWLPHVWDPSFHOOVZDVXVHGWRFRPSXWHWKHDFWXDOWLPHMXVWUHO\LQJRQWKH



























    PRO

ཤ7KH7RWDO0ROHV7UDQVIHUUHG WR 67 IRU/29(17HVW  LV GHWHUPLQHG E\ IROORZLQJ WKH HTXDWLRQ EHORZ FHOO
0
  QQ PROPRO§PRO

'0ROHV/HIWLQ29(1









































  7HPSHUDWXUHRI29(1GXULQJWUDQVIHUV729 .






















 0ROHV/HIWLQ29(1SDUW'  PRO




 7RWDO0ROHV0HDVXUHGLQ29(167SDUW(  PRO
± 0ROHVRI,QHUW*DVLQ29(1EHIRUH7UDQVIHUSDUW% PRO































 9-6&$J  ଶ଴௚ଵǤ଻ ೒೎೘య
 FP§FP
 WKHQ















LQGLYLGXDOVZKRVXSSRUWHGPH LQHYHU\VWHSRI WKHZD\ , DPYHU\KRQRUHG WRZRUN IRU WKH5(62/9( WHDPDQG
KRSHIRUWKHSURMHFW¶VVXFFHVV,PDJLQHLIZHFRXOGKDUQHVVDOOWKHUHVRXUFHVRQWKHPRRQDQGSURYHWKDWLWFRXOGEH



































2FW   3KRWRJUDSK 85/ KWWSZZZOSLXVUDHGXPHHWLQJVOHDJSUHVHQWDWLRQV6DQGHUVSGI >FLWHG 
1RYHPEHU@

6DQGHUV *% /DUVRQ:( 4XLQQ -: &RODSUHWH $ 3LFDUG0 %RXFKHU ' ³5(62/9( IRU /XQDU 3RODU
,FH9RODWLOH &KDUDFWHUL]DWLRQ 0LVVLRQ´ (36& $EVWUDFWV 9RO  (36&'3635(9,(: 85/
KWWSQWUVQDVDJRYDUFKLYHQDVDFDVLQWUVQDVDJRYSGI>FLWHG1RYHPEHU@
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